Abstract. After a brief introduction to gravitational lensing theory, a rough overview of the types of gravitational lensing statistics that have been performed so far will be given. I shall then concentrate on recent results of galaxy-galaxy lensing, which indicate that galactic halos extend much further than can be probed via rotation of stars and gas.
Introduction
Since I am the first at this meeting who talks about Gravitational Lensing (GL), I thought it might be useful if I start by recalling some of the basics of GL-theory and standard terminology.
Space does not allow me to discuss in any detail the types of lensing statistics that have been performed so far. After a brief discussion of the main ones, I shall concentrate on some recent studies of galaxy-galaxy lensing which have led to some interesting -although not definite -results on the properties of galactic halos. The existing measurements demonstrate the power and potential of this method. The data indicate that halos of typical galaxies continue an isothermal profile to a radius of at least 260 h −1 0 kpc, but in the foreseeable future the situation should improve considerably.
Basics of Gravitational Lensing Theory
Gravitational lensing has the distinguishing feature of being independent of the nature and the physical state of the deflecting mass distributions. Therefore, it is perfectly suited to study dark matter on all scales.
Moreover, the theoretical basis of lensing is very simple. For all practical purposes we can use the ray approximation for the description of light propagation. In this limit the rays correspond to null geodesics in a given gravitational field. For a qualitative understanding it is helpful to use the Hamilton-Jacobi description of ray optics. Let me briefly recapitulate how this looks in general relativity (see, e.g., Straumann, 1999).
If we insert the following eikonal ansatz for the Maxwell field
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This says that the vector field k µ (x) = ∇ µ S is null. The integral curves of k µ (x) are the light rays. From the general relativistic eikonal equation (1) one easily shows that they are -as expected -null geodesics. By construction they are orthogonal to the wave fronts S = const.
For an almost Newtonian situation the metric is (c = 1):
where U is the Newtonian potential. Since this is time independent, we can make the ansatz
and obtain for S(x) the standard eikonal equation of geometrical optics
with the effective refraction index
This shows that in the almost Newtonian approximation general relativity implies that gravitational lensing theory is just usual ray optics with the effective refraction index (5). (In a truly cosmogical context, things are not quite that simple.) At this point the qualitative picture sketched in Figure 1 is useful for a first orientation. It shows the typical structure of wave fronts in the presence of a cluster perturbation, as well as the rays orthogonal to them.
For sufficiently strong lenses the wave fronts develop edges and self-interactions. An observer behind such folded fronts obviously sees more than one image. From this figure one also understands how the time delay of pairs of images arises: this is just the time elapsed between crossings of different sheets of the same wave front. Since this time difference is, as any other cosmological scale, depending on the Hubble parameter, GL provides potentially a very interesting tool to measure the Hubble parameter. So far, the uncertainties of this method are still quite large, but the numbers fall into a reasonable range.
If the extension of a lens is much smaller than the distances between the lens and the observer as well as the source, one can derive the following equation for the lens map (Schneider et al., 1992; Straumann, 1999) : Adopting the notation in Figure 2 , the map ϕ : θ → β (image → source) is the gradient map:
where the deflection potential ψ satisfies the two-dimensional Poisson equation
